The mechanism of formation, crystal structure and biological activity of 1,2-bis(acetoxymethyl)-o-carborane and 3,5-di(phenyl-o-carboranyl)buterolide by Suleimen, Yerlan et al.
 
Yerlan Suleimen 1 ,2, Alexandr Kazantsev3, Kristof Van Hecke4, Zharkyn Ibatayev1, 
Zhanar Iskakova1, Kydyrmolla Akatan5, Sana Kabdrahmanova5 
  
                          1 The Institute of Applied Chemistry, L.N. Gumilyov Eurasian National University, 010008 Astana, Kazakstan, suleimen_em@enu.kz 
          2 Nazarbayev University, School Science and Technology, 010008, Astana, Kazakstan, yerlan.suleimen@nu.edu.kz 
3 Central Kazakstan Academy, Kazakstan 
                                4 XStruct, Department of Inorganic and Physical Chemistry, Ghent University, Belgium, Kristof.VanHecke@UGent.be 
                                 5 S. Amanzholov East Kazakstan State University, Kazakstan, ahnur.hj@mail.ru 
 
According to the results of the biological tests, compound 2 showed a low antioxidant activity compared with 
butylhydroxyanisole (DPPH method) and high cytotoxic activity on Artemia salina L. crustaceans. 
1,2-bis(acetoxymethyl)-o-carborane 2  – colorless crystals, with T.melt  43-44 °С from hexane. 1Н NMR 
(500 MHz, DMSO, δ, ppm, J, Hz): 2.10 (3Н, s), 4.79 (2H, s). 13С NMR (125.76 MHz, DMSO): 77.22 (s, C-1, 
С-1'), 20.64 (s, C-2, С-2'), 169.42 (s, C-3, С-3'), 62.21 (s, C-4, С-4'). IR (ν, сm-1, KBr): 2570 (В–Н); 1759 
(С=О); 1220 и 1015 (С–О). 
2. Results and Discussion	
Synthesis	and	сrystal	structure		of	
1,2-bis(acetoxymethyl)-o-carborane	and	its	biological	ac=vity		
	
1. Experimental	
Figure 1. The scheme for the synthesis of 2 
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Figure 2. Molecular structure of 2 
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Carborane-containing compounds are very promising starting materials for creation on their basis 
of antitumor drugs for boron neutron capture therapy (BNCT) cancer [1-3]. 
This Poster presents the physico-chemical and crystallographic data, and the results of the study 
of the biological activity of the compound 3,5-di (phenyl-o-carboranyl) buterolid 4.  
Figure 3. The scheme for the synthesis of 4 
  
Figure 4. Molecular structure of 4 
  
The	mechanism	of	forma=on,	crystal	structure		and	biological	ac=vity	of	3,5-
di(phenyl-o-carboranyl)buterolide	
In the 1H-NMR spectrum indicates only two singlets: at 2.10 ppm. (2H) the corresponding methylene 
group and at 4.79 ppm. (3H) corresponding to the methyl group. This spectrum proves the complete 
equivalence of the protons at the methylene and methyl groups are in different carbon of carborane. 
The molecule 1,2-bis(acetoxymethyl)-o-carborane symmetric, so the carbon atoms C1-C4 and C1'-C4' 
in the 13C-NMR spectrum are shown in the form of 4 signals, respectively, in the areas 77.22, 20.64, 
169.42 and 62.21 ppm. The signals of methyl and methylene groups are much intense than the signals of 
the carbon atoms within the carboxyl group and cycle. In the spectrum of the 13C NMR Dept-135 detected 
signals of –CH2– and –CH3, respectively, at 20.65 and 62.18 ppm. 
The structure of compound 2 was determined by the single crystal X-ray diffraction analysis. 
Compound 2 crystallized in the monoclinic centro-symmetric space group I2/a. The asymmetric unit 
consists of half a 1,2-bis(acetoxymethyl)-o-carborane molecule, i.e. the complete molecule is built up by a 
two-fold rotation axis. For each carborane cage, the C(1)cage-C(1)cage-C(2)-O(1) torsion angles are both 
-107.04(18)°, causing the two acetoxymethyl moieties pointing away in opposite directions. The C(1)-C(2)-
O(1)-C(3) torsion angles are both 108.0(2)°, consequently orienting the two acetoxy groups almost 
perpendicular to each other (about 79° between least-squares planes through the acetoxy groups). The 
carboxyl C3-O1 (1.342(3) Å) and C3=O2 (1.192(3) Å) distances clearly show the single and double bond 
character, respectively.  
The B-C distances are between 1.698(3) and 1.718(3) Å, while the B-B distances are in the range of 
1.757(4) - 1.786(4) Å. In the carborane polyhedron, the C(1)cage-C(1)cage bond distance is 1.690(3) Å, while 
in the 1,2-(CF3SO3CH2)2-ortho-carborane and the 1,2-(HOCH2CH2)2-ortho-carborane clusters, showing 
similar electronic effects of the substituents, these C-C distances are 1.682(2) [2] Å and 1.684(3) Å, 
respectively [3]. 
Figs 1 and 2 present the geometry of the molecule and a fragment of the crystal packing of 2.  
1. Experimental	
2. Results and Discussion	
It	has	been	found	that	lactone	4	has	high	an2oxidant	ac2vity	in	comparison	with	butylhydroxyanisole	(DPPH-
method). 
The mechanism of formation of 3,5-di (phenyl-o-carboranyl) buterolid 4 is characterized by the 
following reactions: 
1. Reaction of phenyl-1-carboranyllitum dimethyl ether with maleic acid results in nucleophilic 
substitution of ether groups methoxy phenyl-o-carboranyl anion and the formation of o-phenyl-
ketoester carboranylsubstitueted inclined to the conjugate addition of a second molecule of o-
phenyl-1 carboranillitium. 
2. The action of the phenyl-1-ketoester carboranillitium leading to the conjugate addition of 
lithium-carborane in the group -C=C-C=O and the formation of the bis-lithium enolate carborane 
anion, which as a result of elimination of lithium methoxide and the intramolecular cyclization It 
forms a highly unstable and prone to intramolecular proton- and anionotropic rearrangements, 
compounds: 
1,2-bis(acetoxymethyl)-o-carborane 2  – colorless crystals, with T.melt  43-44 °С from hexane. 1Н 
NMR (500 MHz, DMSO, δ, ppm, J, Hz): 2.10 (3Н, s), 4.79 (2H, s). 13С NMR (125.76 MHz, DMSO): 
77.22 (s, C-1, С-1'), 20.64 (s, C-2, С-2'), 169.42 (s, C-3, С-3'), 62.21 (s, C-4, С-4'). IR (ν, сm-1, 
KBr): 2570 (В–Н); 1759 (С=О); 1220 и 1015 (С–О). 
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